Chalcone synthase family genes have redundant roles in anthocyanin biosynthesis and in response to blue/UV-A light in turnip (Brassica rapa; Brassicaceae).
The epidermis of Brassica rapa (turnip) cv. Tsuda contains light-induced anthocyanins, visible signs of activity of chalcone synthase (CHS), a key anthocyanin biosynthetic enzyme, which is encoded by the CHS gene family. To elucidate the regulation of this light-induced pigmentation, we isolated Brassica rapa CHS1-CHS6 (BrCHS1-CHS6) and characterized their cis-elements and expression patterns. Epidermises of light-exposed swollen hypocotyls (ESHS) were harvested to analyze transcription levels of BrCHS genes by real-time PCR. Different promoters for the genes were inserted into tobacco to examine pCHS-GUS activity by histochemistry. Yeast-one-hybridization was used to detect binding activity of BrCHS motifs to transcription factors. Transcript levels of BrCHS1, -4, and -5 and anthocyanin-biosynthesis-related genes F3H, DFR, and ANS were high, while those of BrCHS2, -3, and -6 were almost undetectable in pigmented ESHS. However, in leaves, CHS5, F3H, and ANS expression was higher than in nonpigmented ESHS, but transcription of DFR was not detected. In the analysis of BrCHS1 and BrCHS3 promoter activity, GUS activity was strong in pigmented flowers of BrPCHS1-GUS-transformed tobacco plants, but nearly absent in BrPCHS3-GUS-transformed plants. Transcript levels of regulators, BrMYB75 and BrTT8, were strongly associated with the anthocyanin content and were light-induced. Coregulated cis-elements were found in promoters of BrCHS1,-4, and -5, and BrMYB75 and BrTT8 had high binding activities to the BrCHS Unit 1 motif. The chalcone synthase gene family encodes a redundant set of light-responsive, tissue-specific genes that are expressed at different levels and are involved in flavonoid biosynthesis in Tsuda turnip.